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PROPOSED & REALIZED (3% ) MUON COOLING METHOD
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Fig. 1. Principle of the moderation technique for the production of very slow polarized u*. The total
thickness of the moderator is chosen to maximize the yield of epithermal muons.
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{. THERMAL MUONIUM PRODUCTION IN VACUUM
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KEK METHOD OF LOW ENERGY 4 *
; PRESENT STATUS AND NEXT STEP
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PROBING 1004 THICK SURFACES WITH 9 keV |i"
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KEK-MSL 500 MeV

Intensity 5 puA

Beam 500 MeV Proton

Radiation  Very High

rwmm_n System
Distance 10-12 m

Mirror Damage

KEK-MSL

. Comparison between KEK-MSL and RIKEN/RAL . ©

RIKEN/RAL 800 MeV
Intensity 200 pA

Beam Surface Muon

Radiation  Negligible

Laser System
Distance 2-4 m

Mirror can be reflected

RIKEN/RAL
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~ Evaluation of Yield

———

At Port 3 at RIKEN-RAL
1) 23.5 MeV/c Surface Muon 5 x 10° per sec
10* positve muons per pulse |

Si0, Powder target(1s-2s Exp.)
Mu yield from W is assumed to be 4 %. about one third of
S10, Powder target

10* x 80/3 /2600= 102.5 Muonium in vacuum
per pulse

3) Effective Extraction Probability from D, experiments
1.3 x 10 Efficiency for D

2) Mu formation; 80(12) per pulse out of 2600 inthe case of

4) ~ 1.33 10°2 slow muons per pulse
0.33 slow muons per sec for 25 Hz

But,

eLaser Intensity and quality can be increased by the use of
CLBO to be 3 to 10 times

eLaser transmission can be increased by one order, due to
easiness of alighnment at PORT 3

eBeam Optics can increased by 3 times at least.

We may expect 3.3/s to 33/s slow
muons.



SUPER-SUPER MUON GENERATOR

Super High Intensity

Superconducting Muon Generator
Intensity > 10 ' u*, /s

Divergence < mrad

Realized at JHF etc.

In 21st Century
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RIKEN-RAL

Phase [l Project
(2000-2009) |
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(3. Contents of the RIKEN-RAL Phase I1 Project )

IS1S Second Target Station
/ Muon Acceleration

S

MBE Target

rUIlra—slow ut ChnnneIJ

L'\su
e ~) e
ﬁb )} Hmdllng
’ HCF System
Pion Production Target Super-high Intensity Muon Channel
Channe! Core '
Multiple X-ray [ Selected p*/u™ Channel |
Detector / e | SR
RIKEN-RAL )

Muon Phase 11 Tomography

800McV
Proton Beam
Linc

1SIS Neutron
™ Targel Station
1SS Proton
Synchrotron

RIKEN-RAL
Muon Facility

Schedule

Items 2000 | 2001 | 2002 | 2003 | 2004"

RIKEN-RAL II Facility

(1) Super-high Intensity Muon Channel Core m’idesign. and constructionZZIzrrrrZZ ZZ777A {uning
(2) Ultra-slow H+ Channel rezzrrmrzdesign and COnstructionZZZREzrrrrzzZ2z] (uning
(3) PCF Channel rrrzzrrzzdesign and construclionZ2ZZZEzZzazrz7zz77778 tuning
(4) Selected p*/p~ Channel rrzzrzrrdesign and construction Tz 22707773 {Uning
Facilities & Instruments
(1) Super-high Intensity Muon Channel Core 500 500 600 500
(2) Ultra-slow u+ Channel 200 200 200
(3) uCF Channel 200 200 200
(4) Selected pt/u~ Channel 100
Consumable Items
20 30 50
Operational Cost
RIKEN-RAL I Facility Operation 325.7 3257 325.7 244.3 2443
RIKEN-RAL II Facility Operation 192.1 192.1
SuMm 825.7 1,245.7 1,455.7 1,386.4 4364

(unit : M yen)



SEEORK
Status of Joint Proposal
Between KEK and JAERI

Meson Science Laboratory KEK (KEK-MSL) Y. M iyake

® Two Past Proposals
- ® Japan Hadron Facility
(JHF) at KEK
- ® Neutron Science Project
(NSP) at JAERI
® Joint Project between KEK and
JAERI
® Recent Progress

® Tandem-type M-arena Version
at JAERI
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- Designated Accelerator

Linac 200-400 MeV 6oo Mev
7 30 mA
Beam Pulse 500 ps

Rapid-cycling Synchrotron
3GeV, 25 Hz 1MW ¢1: Sthge )

53-6GeV as 2nd stage
(or 1GeV with storage Rings)

| 5”17(’2%4 -g'fty )
50 GeV Ring
| 10 uA
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2.5x 10" p/unch
30 GeV, 15 Hz
4 bunches

7x10' whunch
150 MeV
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20 MeV
€y =4%x10"° m-rad
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250 Gev
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2 TeV
€y =5%10" m-rad

PROTON SOURCE

TARGET, high Z fiquid
“CAPTURE SOLENOID, 20T 1L PRODUCTION
PHASE ROTATION,
30-60 MHz, 5T

s\“"PUU\RIZATIOl‘l & P SELECTION
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~

"~ Li ABSORBER

4 - WEDGE IONIZATION COOLING
20 Stages
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———— TOTAL 4 GeV, 900 m

LINACS + RECIRCULATION

« - ——PULSED MAGNETS

SC LINACS
2X3GeV

“*PULSED
EAST
+S
C MAGNETS ACCELERATION
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2 X 50 GeV

L=10%cm?s™ COLLIDER
p* =3 mm RING
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NEUTRINO SOURCE OPTION




ADVANCED NEUTRINO SOURCE
'WITH 1t ACCELERATION

I. Muon Decay Section

W —=v,+e +v,
2. Expected Intensity and Phase Space

3. Comparison with Other Methods
Proposed v Sources, So far

LLong Base-Line v Oscillation Experiment



MUON DRIVEN NEUTRINO
‘with ULTRA-SLOW p*

Proton
Accelerator

Laser

§%-7] UCF Test Plant
N 10keV nt generator
NV, 10GeV ™ Linac

~300m

Race Track'Storage Ring
100m x 2

N

e’ Dump

Y Vu, Ve




Table 1.

Field estimations for advanced neutrino source

Expected Numbers Conditions Remarks
Gy
Np 19x 10" 0.8 GeV x 300uA
N7 24x10" 4 cm Carbon o :28mb
N. - 6.0x10" Pion Capture: 2.9T, 20cm bore x 1.5m Ref(7)
Muon Decay: 3.0T, 25cm bore x 10m Py 88(42) MeV
N 29x 10" 20> 100 um W
N 1210 Earas: 0.04 2000 K. hot W
N“_u, 1.0x% 10" € 08 Laser Resonant Ionization
N(0Tev)  10° €p: 10
€. 10
v, 05x10® Full conversion in E~33TeV
Race-Track Storage Ring 8, ~10°
N7 : total x* at production target
Nu. : total i* at the exit of decay solenoid
NJ*  : stopping number at thermal Mu producing material
"N, . :thermal Muyield
N . :ultra-slow ' yield after thermal Mu ionization

usp






2000

2005

2010

TIME SCHEDULE FOR INTENSITY (s') UPGRADING of COLD p* (KEK METHOD)

o KEK-MSL ‘ 0.1
(500MeV, 2 pA) Direct Proton

RIKEN-RAL 10?
(800MeV, 200 pA) Surface pu*

RIKEN-RAL-IH 10"
(800MeV, 300 pA) Super-Super Decay u*

- KEK-JAERI 10"
(3GeV, 330 pA) Super-Super Decay p*

Feasibility Studies -

Surface Science

Laser/Optics Development

u* Acceleration

- Bio-medical Application

Possible Extension to

v-Factory, p*p Colliders



. REALISTIC TIME SCHEDULE FOR
VERY INTENSE COLD p*BEAM.

. WTPART OF APPLICATION TO p*p” COLLIDERS
IS POSSIBLE .

NEED BRILLIANT IDEA OF COLD w

; Vu SOURCE APPLICATION IS POSSIBLE.

. NICE COEXISTENCE WITH
PULSED PROTON SOURCE FOR
SPALLATION NEUTRONS.



